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INTRODUCTION 



The theoretical solution of the problem of a planing 
body resolves itself into the determination of the magni- 
tude and direction of the velocity at eaoh point of the 
flow. Having determined these "basic elements of the mo- 
tion it is thon not difficult to obtain the forces involved 
in the planing motion. 

The solution of the problem in its most general form 
with tho aid of the hydro dynamical equations, at the pres- 
ent state of our knowledgo offers very great mathematical 
difficulties* Por this reason it is usual to simplify the 
prohlom by considering only the motion of a flat plate of 
infinite span (plane or two-dimensional flow). An ideal 
fluid is assumed, corrections for tho viscosity "being in- 
troduced aftor the two-dimonslonal flow has "been calcu- 
lated. This assumption is well founded on tho "boundary- 
layer theory of Prandtl according to which the viscosity 
exerts an effect only within the boundary layer, i.e., 
tho thin layor noxt to the walls. 

According to tho method employed for the solution of 
the problem, the work that has been done by the various 
authors may bo grouped as follows: 

1. Tho work of K. I. Gurevitch and A. R. Tanpolski 
under tho supervision of S. A. Chapligin (reference l). 

The hydrodynamic equations as integrated by the method 
of Kirchhoff and Joukowski sorve as the starting point in 
the vork of _ these authors. The plate is assumed to be flat 
and of infinito span and the' fluid as ideal' and weightless. 
Expressions aro obtained for the pressures on the wetted 
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length, and the position of the center of gravity as a 
function of the initial parameters. Comparison with test 
results shows that the pressures theoretically obtained 
exceed the pressures obtained by experiment, being three 
to four times as great. The qualitative picture of the 
pressure distribution, however, approaches the actual one 
very closely. 

2. The work of Professors L. N. Sretenski and G. T. 
Pavlonko (reference 2) . 

The flow is assumed to be two-dimensional, the fluid 
heavy and ideal. To avoid indeterminacy in the solution, 
dissipatiye forces are introduced which are made to vanish 
at the end, assuming the coefficient of viscosity to be 
near zero. It should be mentioned that the solution of 
L. N. Sretenski, in contrast to that of Pavlenko, was ob- 
tained by strict, mathematical methods. On account of the 
assumptions made on the nature of the phenomena, however, 
there is no agreement with experiment. 

3. The work of H. Wagner (reference 3). 

The work of Herbert Wagner must be considered as the 
most complete on this subject, its fundamental value con- 
sisting in the application of the methods of wing theory 
to the problem of planing. The results obtained by Wagner 
for various planing surfaces are in satisfactory agreement 
with tho experimental results. As In the previous works- 
mentioned, the fluid is assumed as ideal. 

4. Work of N. A. Sokolov (reference 4). 

This work presents a combined theoretical and experi- 
mental solution of the planing problem. Theoretical formu- 
las corrected by empirical coefficients are found. The 
formulas give extremely good agreement with test results. 
Notwithstanding the fact that the problem has been ideal- 
ised in the theoretioal solution, the Investigation is im- 
portant for the reason that it gives a qualitative picture 
of the phenomenon and determines the nature of the formula 
for the forces involved. 

The present paper presents an attempt to coordinate 
the available theoretical and experimental data on planing 
surfaces so as to develop an approximate analytical method 
for tho determination of the water resis'tance of a sea- 
plane without any preliminary towing tests in the tank. 
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ROTATION EMPLOYED 

A, load on water, leg. 

7, velocity of seaplane, m/s. 

W, water resistance, kg. 

Vg, frlctlonal resistance, kg. 

S, wettod area of seaplane "bottom, m B . 

b, wetted length, m. 

b_ , length immersed "beneath undisturbed water surface, n. 

r 

fc, aspoct ratio of wetted surface. -£ 

j 

a, height of wave, m. 

F, tfroude number. 
G B , load coefficient. 

lg, .distance between steps. 

I, distance of spray origin from step, m. 

Mjj, hydro dynamic moment, kg m. 

M 1 , hydrodynamlc moment contributed by nose portion, kg m. 
M a , hydrodynamio moment contributed by second step, kg m. 
Mrp, moment due to thrust of propellers , kg m. 
Mj^, moment of load on water, kg m. 

Hgg, moment contributed by tail surfaces and after portion 
of seaplane, kg m. 

G f j coefficient of . friotional resistance. 

a°, angle of attack of bottom with respect to keel line. 

0°, angle of V bottom. 

G, weight of airplane i kg. 
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hp, draft of step, m. 

I, "bean at step, m. 

p, density' of fluid. 

g, acceleration of gravity. 

p, normal pressure at given point of planing surface. 

<p, potential of flow. 

t ( tine. 

q, velocity of fluid at given point. 



THE FUNDAMENTAL STAGES IN THE TAKE-OPE OE A SEAPLANE 



According to our present views on the motion of a.- 
viscous fluid, the following picture may he given of the 
action of the fluid on the surface of the planing "body. 
The reaction of the water on the planing hody is the re- 
sultant of a system of normal and tangential stresses on 
the wotted surface. The tangential stresses arise, from 
the proporty of viscosity and are determined "by the motion 
of the fluid within the thin "boundary layer adjacent to 
tho surface of the hody. Everywhere outside this layer 
tho viscosity may he neglected and the fluid considered as 



The resultant of the system of tangential stresses is 
called the frictional resistance. The normal pressures 
ars transmitted through the "boundary layer without change 
and are therefore determined hy the motion of the fluid 
considered as ideal, in particular, as a potential flow. 
To compute these pressures the Lagrange integral relation 
may he used, namely, 



The last term in the ahove formula represents the hydro- 
static pressures determined Independently of the velocity 
of the flow. The first two terms represent the "hydrody- 
namic pressure." Correspondingly, all the forces exerted 
hy the wator on the planing surface nay he divided Into 
the following throe types: 



ideal. 
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(a) hydrostatic forces 

("b) hydro dynamic force b 

(c) frictlonal forces 

the first two types "being determined "by the normal pres- 
.auro of the fluid, and the third "by the tangential stress- 
ed "botwoon the fluid and the planing surface. 

In the process of take-off of the seaplane, each of 
thoso typos manifests itself to a greater or less extent 
and thus dotorminea the character of each stage in the 
tako-off. 7e shall therefore consider the following 
stages in the tako-off: (a) plowing stage; ("b) transi- 
tion or critical stage; (c) planing stage (hydroplaning). 

Plowing s tage - This stage extends from the commence- 
ment of tho tako-off up to the attainment of a speed of 
tho ordor of 0.25 to 0.30 of tho get-away speed. A char- 
acteristic of this stage is the predominance of the hydro- 
static forces which decrease as the speed incroases. At 
the instant of starting, tho moment due to the thrust of 
the propollers and the resistanco of the water causes the 
noso of the hull to "hlte" sharply into tho wator. (It is 
assuaod that tho line of action of the thrust passes above " 
tho contcr of gravity of the seaplane) The trim angl'o at. 
the nose increases up to tho instant when the work duo to 
this nonont Docomos oqual to that of the restoring momont. 
The wcvos formed "by tho seaplane at very small velocities 
aro similar to the waves accompanying the motion of ships 
and nay thoreforo ho dividod into two groups: (l) how 
waves, and (2) transverse waves. As the speed increases, 
the how wavo gradually recedes toward the stop; the trans- 
vorso wavo disappears and is only observed at the stern. 
Thero then appears at tho nose, the «o-oalled "blister." 

As tho spoed keeps on increasing the blister develops 
Into a spray and the position of the center of gravity 
ahovo th"8j*WIFfcor jpaTla, duo to the loworing of the water 
lovol ahout the seaplane. 

■ With' increase in the speed,, there Is an increase in 
the dynamic pressure at the "bottom of the floats and an 
increase in the lift of tho wings. The load on the water, 



*The "blister is a dQne-shapod film of water generally ap- 
pearing at tho noso. 
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representing the difference "between the weight of the air- 
plane and the lift of the wings, decreases. The center 
of gravity gradually ■begins to rise. The center of pres- 
sure oh the "bottom shifts toward the nose and increases - - 
the trim "by the stern. 

. Transition or critical stage .- With further increase 
in velocity, the angle of attack and the water resistance 
increase and reach their maximum value (hump velocity). 
The center of gravity rises sharply above the water sur- 
face. The hull gradually clears the water. The distance 
"between the crests of the transverse waves gradually in- 
creases and the waves become more inclined due to the rap- 
id decrease in the draft. Two wave "walls" separate at 
the rear edge of the step, closing together at the stern 
and thus forming a "fountain" that recedes from the step 
as the speed increases. The distance of the spray origin 
from the edge of the step coincides with the first crest 
of the . transverse wave. The second step lies in the hol- 
low formed by the first and this brings about larger trim 
angles* 

In the "mixed" stage the hydrodynamic forces are of 
the samo ordor of magnitude as the hydrostatic forces. It 
should be observed that on account of the maximum (hump) 
water resistance, which is characteristic of this stage, 
the latter is the most important during the take-off of a 
seaplane. We shall therofore, in what follows, begin with 
this stage. 

P laning stage ( hydroplan ing ) . - With further increase 
in the speed, the mean draft of the hull (draft at the 
step) becomes so slight that the hydrostatic forces may be 
neglected. - The lift is now provided essentially by the 
dynamic forces. The wetted area decreases, the center of 
pressure again begins to approach the step at the same 
time that the angle of attack decreases. The second step 
now clears the water. The load on the water diminishes 
approximately in proportion to the square of the velocity 
at the Bame time that the water resistance as a rule de- 
creases. Whereas, in the stage described above, the re- 
sistance 1b conditioned by tho energy lost in wave forma- 
tion, in the present stage the friction is the factor of 
greatest relative importance in producing the resistance. 
The entire picture of the wave formation changes to a con- 
siderable degree. Tho waves decrease and the spray spreads 
low over the water. 
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At very small trim angles instability sometimes ap- 
pears- during - the -planing , leading in. flome_.ca.sen to too 
early a "break-away from the water when the wings have not 
yet attained sufficient lift for get-away. Longitudinal . 
instability is also observed at times at the instant of 
break-away of the second step. 



CHAEAOTEEISTIOS OF THE TAKE- OFF STAGES 



For a numerical determination of the limits of each 
stage of the motion, the nondimensional coefficient 

o B -— ±- 

may be omployed. By comparing airplanes of different typos, 
the following limits for Cj were established: 

(a) critical velocity stage, 0^ = 0.1 to 0.25 

(b) hydroplaning stage, 0 B = 0.09 to 0.04 

(o) velocities Just before take-off, 0 B ^ 0.02 

The motion may also be conveniently characterized by 
the "Frouftc number" in the following form: 



F = —=1— 

Ays 



where \ = ~ 



A = the water displacement in cubic 
meters 



Figure 1 show a the value of F as a function of the 
ratio:- hydrostatic lif t/load-on*»water . for ..flat plates 
(testB at CAHI tank and by Sottorf). 

On figure 2 are given the curves of trim angle and 
draft at the step as functions of the velocity for a model 
float towed on the water at constant load. The tangents 
drawn to the so curves indicate the limits of the various 
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stages.. Comparing these results, the following values of 
F may he used to indicate the limits of the various stages 

1) plowing stage, F up to 0.5 

2) transition stage, P from 0.5 to 2.5 
S) hydroplaning stage, F > 2.5 

The coefficients 0 B and F sufficiently well char- 
acterize the fundamental stages in the take-off of the 
b eapl?..no . 

PLAITING OP A PLAT PLATE 



Before proceeding to the consideration of the planing 
of a soaplane float, we shall consider the more simple 
case, n-imcly, the planing of a flat plate at a constant ve- 
locity 7. The planing will he denoted as that stage of 
the motion during which the water wots only the lower sur- 
faco, hronking away from the edge of the plate. The fol- 
lowing characteristic properties of the motion of the water 
are ohcervod: 

(a) a thin stream of water, the so-called "spray," 

separates at the lending edge of the wetted 
surface and is thrown off ahead of the plate. 

(b) "behind the plato, where the side waves meet, there 

is ohserved a "fountain" that attains consid- 
erable force as the load on the water is in- 
creased. 

The water will exert the following forces on the plan- 
ing plate: 

(a) the resultant of the normal pressures due to the 
reaction of the fluid and acting perpendicular 
to the plate. 

(h) the resultant of the frictional forces due to the 
viscosity and acting along the surface of the 
plate (fig. 3). 

Evidently the resistance of the plate will be given by 
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the' following formula:* 

Tf = A tan a + Of cos a ^medn £ S (1) 

Let ua consider the second term in the above formula, 
expressing the effect of the viscosity of the fluid. In 
making the hydro dynamical computation the magnitudes to he 
determined are: 

if 

0 f , S = T mean 



For computing tho frictional coefficient Of, we shall 
consider as applicable the formula of Prandtl (for the tur- 
bulent stage) that was proposed by him for the computation 
of the friction of a completely Immersed plate moving with 
constant volocity**in its plane: 

Ce = Q.Q72 

f yss 

This formula applied to the computation- of the resist- 
ance gives good agreement with test results (reference 5). 
The linear dimension in the Reynolds formula will be taken 
as the immersed length computed by the formula: 



Lasar 0 

/l + h » 



b 0 = . Re = iM&a&JLa. 



The aspect ratio of the immersed area will be obtained 
from the curves, figures 4, 5, and 6. These figures pre- 
sent the graphical solution of the equation of lift as a 
function of ^ . 

*A11 the formulas for flat plates were taken from the pa- 
per by N. A. Sokolov:'"On the Hydrodynamio Computation of 
Floats and Seaplanes ," CAHI Report No. 129, 1933; and from 
the work of the author : /H Hydro dynamic Computation for a 
Flat-Bottomed Seaplane Float," CAHI Technical Note No. 48,, 
1935. 

**In place of the above formula, it would also be possible 
-to -use more , accurate formulas for the determination of Cf. 
Bearing in mind, however, on the one hand, that' the formula 
for Cf for a completely immersed plate may only be used 
with a certain amount of reservation, and on the other, . 
that formula (2) has up to now given good agreement witn 
the testB on planing plates, we consider the formula to be 
quite satisfactory for our purpose. 
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a - [rW - •■■)] . '< 2) 

Tor the case of large aspect ratios X > 3, the terms 
involving gravity may he neglected and the formula for the 
determination of X then assumes the following more sim- 
ple form: 

> ■ fcr 1 

The mean velocity under the plate we shall define "by 
the formula 

v mean * ^ x + >J 

The lift is in thiB case equal to the load on the uater 

T s A 

The moment of the hydrodynamic forces ahout the step 
is determined from the equation 

1 1 ( 1 « + E _A_ 

p m _ x ^/TT1_ 3; 2 i + x , . 

vi™* 2 ; i + * 

The solution of this equation is given graphically on fig- 
uros 7 and 8. 

For the case of large aspect 'ratios , the formula as- 
sume s tho extremely simple form: 

T 4 

The Immersion of the rear edge (draft) is detorminod 
from the formula taken from the work mentioned above: 
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PLAITING OF A 7- BOTTOM PLATE 



The forward portion of a seaplane differs considera- 
bly from that of a flat plate, due to the 7-angle which in 
genoral varies along the length. To simplify the computa- 
tion of the keel angle of the "bottom, we shall take as. a 
mean value the inclination to the horizontal at the mean 
section over. a distance of twice the width of the step. 
It should he observed that for most of the present-day 
seaplanes this angle is near aero.. As far as the 7-angle 
is concerned, we shall give formulas below that take this 
angle into account for the case of a straight 7-bottom. 
For the curved bottom case, the 7-angle may be taken into 
account using the formulas of Wagner or the equivalent 
straight 7-bottom (fig. 9 ).* 

Obviously, the resistance of the 7-shaped bottom is 
determined by the same formula (l) that applies to the 
flat bottom. In using the formula, the difference lies 
only in the definition of the terms giving the frictional 
resistance* The latter will be larger for the 7-bottomed 
plate than for the flat plato for the same values of a, 
A, end 7, and this increase in the resistance may be taken 
approximately proportional to the increase in the wetted 
area.** Thus, we soe that: (l) the correction for the 
increase in tho resistance of the 7-shaped bottom as com- 
pared with the flat bottom, will enter only in the fric- 
tional rosistance; (2) the correction factor will depend 
only on the wetted-area aspect ratio, 
v. 

it AGUE E »S METHOD OP COMPUTATION POE 7- BOTTOMS 



The planing motion of the body on the surface of the 
fluid may be pictured as follows: Porward of the body the 
surface of the water is practically undisturbed. In the 



The 7-angle of the equivalent straight bottom is taken as 
the arithmetical mean of the inner and outer 7-angles. 
**The frictional resistance depends also on the velocity 
distribution" along the plate and - thus', "" ffcrr example , a pos- 
sible increase or decrease in ■ the spray may increase or 
decrease the frictional resistance. Calculation shows, 
however, that thiB factor is of far less significance than 
the wettod area. 
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inmediate neighborhood of the "body a mass of water rises 
upward and is deflected downward and to the sides. Fart 
of the water separates and breaks up in the form of a 
spray. 

H. -Wagner has shown that it is possible, for the above 
reason, to draw an analogy between the impact on the wator 
surface of an infinitely long 7-shapod plate and planing 
(roferenco 6). The analogy will be closer the greater the 
aspect ratio of the wetted area of the planing body. In 
this case large accelerations arise in the water and the 
phonomona of landing and planing become very similar. 
Making use of the above analogy, Wagner proposes the fol- 
lowing formula for the ratio between tho lifting forces 
of the V-bottom and flat-bottom plates, respectively: 




where T| = 1 - - 0.15 31-31 i og 1 

IT TT TT U 



and B is tho 7-angle , u = 2w/0. 

It has already been pointed out above (Seo the au- 
thor^ work citod in footnote, p. 9) that the lift of a 
flat planing plate is dotermlnod by the formula: 

A = -55- 7 8 f £ (4) 
1 + X 2 

Therefore, from (3) for a 7-bottom plate the expression 
for the lift force becomes: 



If we consider the motion of a flat-bottom and 7- 
botton plate for the same values of 7, I , and a, then it 
follows from (4 1 ) and (4) that in order to obtain the same 
lift A = Ai for each of the plates, it is necessary to 
introduce a correction only in the aspect ratio of 

the wetted area, as is confirmed by experiment since 

X 7 < X, and if this correction is not introduced then (soe 

formula (4 1 )), the lift of tho 7-bottom plate will be too 
large. 
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Thus for A = A 



7 = 



a = Oi , I = li , 



we ob- 



tain: 



1 + X 



flat 



1 = 




On figure 11 are- shown the results computed "by the above 
formula. The test points of Sottorf for plates with P = 
10° ,15°, 24°, 40°, were recomputed for P = 0°. The 
corrections for the V-angle were taken from figure 10. It 
may ho seen from figure 11 that the points give a rather 
wide scattering and for this reason we consider the for- 
mula to ho applicable only to large aspect ratios where 
a closer approximation is obtained. 

EXPERIMENTAL CORRECTION FORMULA FOR THE V-BOTTOM 



In seeking to obtain the correction factor for the 
7-bottom (increase in wetted area as compared with that 
of a straight .bottom) , it was found necessary to make the 
assumption that T) depends not only on the V-angle but 
also on the angle of attack a. Thus, 



By working up the test data of Sottorf, a correction 
for the V-bottom was foun.d of the form 



given the values of S/l against the angle P for con- 
stant values of the angle of attack. (See tests of Sot- 
torf for planing plates. ) By dividing each of the values 
S/l at a = constant by the corre spending value for the 
flat plate, the relative increase in the wetted area of 
the V-bott'om plate was found under analogous conditions at 
each a = constant. By then drawing the curve of T\/a 
against 'P', the analytical expression fo.»- the 7-bottom 
correction was obtained in the form of expression (5). 
Figure 13 gives the computed rosults for a bottom af Anglo 
P = 24° (CAHI tank tests). The test points are also in- 
dicated* Figures 14 and 15 show curves of computed re- 
sistance against speed for 7-bottom plates of angles P = 



Tl = f(a) f(P) 
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30° and 40° ■ for constant angloe of attack and constant 
draft of the rear edge hp = 96 mm (reference 7). The 

computation was carried out according to formula (l) with 
the corroction for the 7- "bottom according to formula (5)'." 
Tho test points also givon on the same figures show only a 
Tory slight deviation from tho computed curves. 

JPiguro 16 shows a computed ezamplo for a curvod V- 
bottom plate (CAHI tank tosts). The angle B. was here 
takon to ho the mean hotwoen the inner and outer angles 
in accordance with the observation made ahovo. The test 
points show that satisfactory agreement is obtained. 



BASIC ASSUMPTIONS MASS 



Before proceeding with the explanation of the method 
of the hydrodynamic computation of the seaplane, wo shall 
enunerate the fundamental assumptions made with regard to 
the char act or of the planing phenomenon, which assumptions 
are nocossary for the simplification of the computation. 

1* The nonuniform motion of the seaplane in take- 
off we shall replace by a succession of uniform motions 
with corresponding constant speeds. This assumption cor- 
responds to the procedure usually adopted in towing tests 
on hull and float models in the tank. 

2* The main step of the seaplane or float appears to 
be the supporting step at which the entire hydrodynamic 
lift is produced so that the term A tan a refers only to 
the main step. Actually any deviation from this formula 
shows up in the difference between the angles of attack 
with respect to the flow at infinity at the first and sec- 
ond steps. Sue to the relative unimportance of thiB devi- 
ation,. we shall neglect it. 

3. In considering the forces acting on the portion 
of the bottom in the regions of both steps, the following 
assumptions may be made: 

(a) The main step may be considered as an isolated 

planing plate moving at the given angle of at-* 
tack. 

(b) Tho geometric position of the second step with 

respect to the water is determined by the an- 
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gle of attack and draft of tho main step and 
tho position of the aecond step with respect 
■ to the main step. ■ 1 ■ - 

(c) The actual anglo of attack of the second step is 

equal to that with respect to the undisturbed 
water surface plus the "downwash" determined 
by the profile of the wave surface formed by 
the bow portion of the bottom. 

(d) Under certain take-off conditions (at and beyond 

tho critical velocity) the second step is im- 
mersed in tho fluid and produces a "diving" 
moment . For computing the moment we shall as- 
sume that in this case the loads on the steps 
are proportional to the squares of the bottom 
widths at the steps: 

As I a 

It therefore follows that the aspect ratios of 
the .first and second steps are approximately 
e qual : 

^i = 

(e) Tho resistance of the second step enters only 

as a frictional resistance. 

4. The motion of the fluid at the second step of the 
seaplono is yery complicated. Wo do not have, at the pres- 
ent timo, any theoretical or experimental data that pro- 
vide a full explanation of the complicated picture of wave 
formation boyond the second step of the seaplane. Simi- 
larly, we do not know to what extent the velocity of tho - 
fluid at the second step differs from the towing velocity 
of tho model* 

i 

At the CAEI tank the velocity of the flow w'tts measured 
at 200 mm bohind the edge of plate with a Frondtl tubo . 
The measurements at(lTand 7 p er seconds show on al- 

most complete agroemenTT~of the towing velocity of the plate 
with tho velocity of flow behind the plate. There wero- also 
measured the velocities under the second step of the plan- 
ing body (at a distance of 150 mm from the edge). The dif- 
ference between the towing velocity of the model and the 
velocity of the fluid reached 3 percent; Not having any 
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more accurate basis with regard to the variation of the 
velocity of the flow "behind the main step, we considered 
it permissible to assume that the velocity of the fluid at 
the second step was equal to the speed of motion of the ■ ■ 
seaplane. 



WATS PROFILE BEHIND MAIN STEP 



Not possessing the means for constructing the profile 
of the. disturbed water surface behind $he step of the plan- 
ing V-bottom, we shall limit ourselves to obtaining the 
profile behind the flat planing bottom. 

The construction of the wave profile in the diametral 
plane behind the planing flat plate may be accomplished 
with the aid of formulas given by us in a previous work 
(reference 8). For the case of a two-step hull we shall 
limit ourselves to the computation of the following coor- 
dinates of the profile: 

(1) the distance of the spray origin from the edgo 
of the first step L = I ^2F - 

where F = 7— ', 
Slg 

(2) the maximum lowering of the wave profile 
2tt I sin a 



a = 



3 * 



where a is at a distance L + ft from the 

2 

edge of the stepj 

(3) the draft at the stern h-n = — —====• 

* ./l + * 

Joining the two points of the profile thus obtained 
by straight lines, we obtain the direction of the flow at 
the second step. 

The above method may be applied only for the case 
* > 0,5. When \ < 0.5, the following working hypothe- 
sis based on experimental observations is recommended, 
namely, that the fluid breaking away at the main step 
rises up to the undisturbed water level and is directed 
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along a line forming an angle with the horizontal equal to 
thb'angle of attack of the bottom. 



METHOD OP COMPUTATION OP TH3D HYDHQLYNAMIC HIS IS TAN OB 

OP A HTDEO PLANE 



Let us considor the conditions of equilibrium of the 
forces acting on the seaplane moving with constant veloc- 
ity 7 at a given angle of attack a of the first step- 

The projection of all the forces on a vertical gives 
the conditions determining the load on the water: 

The get-away velocity for each given angle of attack 
a is obtained by the formula 



V 



S a 0 ya p S 



where S is the area of the wings 

C , the lift coefficient determined from the 
airplane polar 

The projections of all the forcos on the horizontal 

give* 

n S = * - Q - " (?) 
dt 



where Q is the air drag of the airplane 

the propeller thrust 

Setting equal $o zero the sum of the moments of all 
forces with respect to the edge Cf the main ^step (the term 
involving the angular acceleration will he neglected) , we 
have : 



At each constant speed 4 = W. 
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M h - M A - Hj - M ex = 0 

where 11^ is the sum of the moments of the hydro dynamic 
forces acting on the nose portion of the hull and on the 
second step. 

M QX is the external trimming moment ' contributed by 

the storn portion of the hull or floats at the critical 
velocity and the moment due to the elevator in hydroplan- 
ing. 

Curves of resistance and trimming moments of the nose 
portion of the hull or float are drawn as functions of the 
speod for constant trim angles, the lift action of the 
wings "being taken care of "by formula (6). The trim an- 
gles are chosen to lie within the practical range in sea- 
piano take-off. 

The moment contributed by the load on tho water and 
that due to the propeller thrust are found and the dif- 
ference M h - M A - Mfl is formed. M QZ is obtained as a 

function of 7 for constant angles of attack. 

By comparing the curve of external moments against T 
with the curve of frictional resistance W against V 
for the sano constant trim, wo can draw the curve of re- 
sistance of the seaplane in take-off for a predetermined 
M ez . It is also possible to draw the resistance curve in 

take-off for M ox = 0 (free to trim). For this purpose 
it is necessary, on the curve of external moments, to take 
the points of intersection of the M 0I curves with the 
velocity axis at constant values of a. 



EXAMPLES 07 COMPUTATION 



Twin-float seaplane "Avro" 



Wo shall determine analytically the resistance curve 
of the floats at constant towing velocitios. The thrusts 
will be taken as equal to the resistance. 

We shall assume that the mutual interference between 
tho floats is slight so that it can be neglected and there** 
fore the resistance of the pair of floats is twice the re- 
sistance of a single float. 
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Fundamental Design Parameters Needed for the Computation 

Weight "in" flight ' & - 1.12 tons" ' ; ~ 

Width of "bottom along step of float t = 0.607 m 

Abscissa of center of gravity from the step along a 
horizontal x = 0.495 m+ 

The ordinate of the propeller axis (along a perpen- 
dicular to the horizontal) 7 = 2 m 

She inclination of the mean section to the horizon- 
tal = 0°. 

The 7-angle 8 of the bottom s 5° 

The order of the computation is the following: 

<L. A is determined as a function of 7 for each an- 
gle of. attack by formula (6). 

2. For each speed and each angle of attack, we find; 

G B = A after which, from a knowledge of 0 B /2a and 

£ I 8 v" 

2 

lg/V a (l), we find X for the flat -bottom. 

3. A correction for the 7-angle is introduced (for- 
mula 5 ) : 

S 7 = S flat + 1 S 7 S|^ 1 

4. b 0 is determined from the formula 



0 /TTT • 

where b and \ are corrected for 7-angle. 

5. Having computed He and resistance curves 
of the floats as functions of the speed are drawn at a = 
4°, 6°, 8°, 10° (fig. 17). 

The horizontal was taken to be the longitudinal axis of 
the seaplane lying in the plane tangent to the keel line 
of the float at the step. 
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G. The sum of the momenta of the hydro dyn am i c forces 
is determined from figures 7 and 8, having first found the 

coefficients lg/V B and X. 

7. Having computed the moment due to the thrust 
H$ = 2y 17 cos a and the moment due to the load = 

Ax cos a, T7o form the algebraic sum of the three moments 
found and obtain the moment U QZ . (See fig. 18.) 

T7e can now without difficulty draw the curve of water 
resistance of the floats at constant speeds for previously 
given probable external moments (fig. 19). 

Comparison of the computed resistance curve with the 
experimental curve obtained from the CAHI tank testB (rof- 
orence 9) on the full-scale "Avro" seaplane shows that 
the nothod described gives satisfactory results for single 
step floats. 

Wo shall now make n similar computation for the sea- 
plane Stal-3. 

Data 

Weight in flight G = 2.78 tons. 

Broadth of step of float I = 0.95 n. 

Abscissa of the center of gravity along horizontal 
from step x = 0.36 m. 

Ordinate of a propeller axis y = 2.397 m. 

Inclination of mean section of working area to hori- 
zontal = 1°. 

V-angle at step P = 21° (averaged). 

Carrying out the computation according to the pro- 
cedure descrlbod above, we obtain the computed curves 
(figs. 20 and 21). Comparison of the curve obtained (fig. 
20) with the curve obtained experimentally in the CAHI 
tank and reduced to full scale by cubing the model scale, 
shows that a satisfactory agreement was obtained. The 
computed curve lies entirely below the test curve, the 
difference between them amounting to not more than 11 per- 
cent - 

Tables showing the computed characteristics are given 
at the end of the paper. 
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Two-Stepped Hull 

Ab an example of the obtaining of 'the hydrodynamic 
characteristics of a flying "boat, we. present a computation 
carried out for a seaplane whose huli.has the lines of the 
H.A.O.A. model Ho. 11 (Reference 10). 



35 a t a 

freight in flight 0- a 6.8 fcons. 
Breadth of main step I = 2.58 m. 

Moan hreadth of second step li = 1.2 m (area at 
working portion divided by the length). 

Abscissa of center of gravity along* a tangent to the 
keel from step to nose z = 0.93 m. 

V-ongle of bottom at main step B a 22.5°. 

V- angle of bottom at second step 8 s 22.5°. 

Inclination of mean section to base line (at working 
area) «= 0°. 

Distance between steps = 4.25 n. 

As we pointed out above in the general balance of the 
resistances, that of the second step enters only as fric*- 
tional resistance. 

The resistance and hydrodynamic foroes must be com- 
puted in" the case where the fluid flows up to the second 
step. The contact of the water with the seoond step was 
taken into aocount by drawing the corresponding wave form 
in the plane of symmetry beyond the. step as in the previ- 
ous examples. The wetted area of the second step was de- 
termined from the . condition that the aspect ratios at the 
main and second steps were equal. 

We shall, compute the resistance curves for the hull 
for angles of attack of 3°, 5°, 7°, and 9°. The wotted 
area is determined from the condition 
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where X is found from^ figures 4, 5, and 6. Introducing 
the correction for the Y-anglo according to formula (5) 
and sunning up the reel stances of "both steps, 

W = 7 X + * a 

ire obtain the resistance curves of the first and second 
stops at a = constant (fig. 22). 

On figiiro 23 are shown the curves of hydrodynanic mo- 
ments for a = 3°, 5°, 7°, and 9°. The computod tables 
are given at the end of this paper. 

We shall now draw the resistance curves for the given 
angles of attack taken from the test. Figure 24 shows the 
computed resistance curve at get-away and the experimental 
curve reduced tp full scale, according to the Froude law 
(reference 10). The agreement between the two curves in 
the range of pre-get-away velocities may he improved if 
the following considerations are taken into account. 

In towing the model at constant load in the tank, 
there is observed only an extremely small change in the 
amount of immersion of the step* The immersion of the 
step remains practically equal to a certain constant mag- 
nitude and, therefore, assuming a constant immersion, we 
are led to the conclusion that the aspect ratios and hence 
the wetted areas at a = constant, will not change. Hav- 
ing made the corresponding computation, we obtain an ap- 
proximation .which is in satisfactory agreement with the 
computed curve obtained at the towing tank at Langley 
Field (figs. 25 and 26). On figure 27 are shown samples 
of resistance calculations for a load A = 1945 kg and at an, 
angle of attack a = 5° with and without rising of the 
stop. Figure 28 also shows a sample of calculation for a 
model to 5.97 scale. On the same figure is also shown 
the test curve obtained in the tank. 



Translation by S. Seles, 
National Advisory Committee 
for Aeronautics. 



The computation was carried out in the N.A.C.A. tank. 
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TABLE IT 

Hydro dynamic Characteristics ' of Stal-3 
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Figure 10 
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Figure 13.- Teat conducted in CAM tank. A = 16 kg. . 
V=7.35 BwierB par second. 
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Figs. 14, 



• test points 
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Figure 14.- Comparison of computed curve with test points 
obtained in the HIVK tank. 
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Figure 15.- Comparison of computed curve with test points . 
obtained in the NITK tank. 
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Figure 16.- Test conducted in CAM tank. A* 18kg. , 
V = 6 maters per second. 
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Figure 18 



a, Experimental curve. 

b, Computed resistance curve. 

c, Experimental curve. 

d, Computed trim angle curve. 

e, Curve of elevator moments against speed. 




Figure 19 
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Figs. 22,23 
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Figure 22.- Computed curves of resistance against velocity for 
the model ff.A.C.A. 11 hull. 
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Figure 23.- Computed curves of moments In get-away for the 
model N.A.C.A. 11 flying-boat hull. 



N.A.C.A. Technical Memorandum No. 863 



lige. 24,25 



J 



l.OOC 









































J 

4 










































































V 


JSl 




L Ml 


enl 


al 


All 


. V t 






















* 






































































/ 
























Co: 


ipu 


bed 


en 


TV 


f 

J 




















— 










































































































Ixj 


ler 


.me 


its 


1' < 


rur 


re 


















)1 — 




of 


an^le 


oi 


a 


;ta 


:k 


1 















8 12 16 20 24 2P 32 3B 
V , m/aec* 

Figure 24.- Curves of resistance and anuria of attack in get-away 
model N.A.C.A.-ll hull. 
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Jigure 25.- Computed curves of resistance in get-away for the 
model N.A.C.A.-ll hull. 
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Figure 26.- Curves of resistance and angles of attack in get- 
away for the model H.A.C.A. 11 hull. 
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Figure 27.- Computed curve of resistance of flying-boat hull 
N.A.C.A. 11 at d = 5° (load A =1,445 kg) 
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Figure 28.- Computed and experimental resistance curves against 
speed for the model H.A.C.A. 11 hull. 
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